Objective: Outcomes from the Women's Health Initiative have demonstrated adverse effects associated with hormone therapy and have prioritized the need to develop new alternative treatments for the management of menopause and osteoporosis. To this end, we have been investigating natural herbal medicines used by Costa Rican women to manage menopausal symptoms.
M enopause is defined as the cessation of menstruation due to depletion of follicular stores and is retrospectively determined after 12 months of amenorrhea during the midlife period. 1 The menopausal transition represents a continuum of change that begins with diminished ovarian reserve, is followed by menstrual irregularity of the perimenopause, and culminates with cessation of menses and loss of reproductive capacity in the postmenopausal woman. 1 Approximately 55% to 75% of American women experience vasomotor symptoms such as hot flashes and sweating, as well as other symptoms such as anxiety, depression, mood swings, sleep disorders, vaginal dryness, and joint pain largely due to a lack of estrogens. 2 Between 10% and 25% of women have such severe symptoms that they will seek treatment from their healthcare provider. 2 Before 2002, hormone therapy (HT; estrogen and/or progesterone) was the criterion standard for the symptomatic treatment of menopause. Today, HT is still the most effective treatment for menopausal symptoms, although the adverse events associated with its use are unacceptable to most women. 3, 4 Estrogen is a hormone with multiple actions in reproductive tissues (such as breast, uterus, and ovary) and in many nonreproductive tissues including bone, the central nervous system, and the cardiovascular system. 5, 6 Estrogen exerts its effects on target tissues by interacting with two different members of the nuclear receptor superfamily of hormoneregulated transcription factors, namely, estrogen receptors (ERs), ER-> and ER-A. 6 Bound ER undergoes conformational change, interacts with chromatin, and modulates the transcription of target genes in estrogen-responsive tissues. 6, 7 However, despite the evidence supporting the efficacy of HT for the treatment of menopause, many women have opted to discontinue or refuse to use HT because of the fear of malignancy and adverse events such as vaginal bleeding, weight gain, and depression. 8 As a consequence, many women are searching for safer alternative treatments to manage their menopausal symptoms. 9, 10 Results from the Study of Women's Health Across the Nation, one of the largest multiethnic studies of postmenopausal women in the United States, suggested that ethnicity may serve as a predictor for the prevalence of menopausal symptoms. 11 The study also indicated that Hispanic-American women frequently reported having hot flashes or night sweats. 11, 12 However, interestingly, although HT is readily available to Hispanic women living in the United States, Hispanic women are the least likely to use HT to treat their menopausal symptoms, opting for more natural methods such as herbs, diet, vitamins, and exercise. 13 In Costa Rica, the average age at onset of menopause is 50.6 years, and Costa Rican women experience menopausal symptoms comparable to their counterparts in the United States. 13, 14 Similar to Hispanic women living in the United States, most Costa Rican women do not often use HT to treat menopausal symptoms, but instead opt for specific herbal medicines. 13, 14 Although there are some limited ethnobotanical data available for these specific herbal therapies used by Costa Rican women, many of these plant species have never been scientifically investigated for their potential use for the management of menopausal symptoms. As part of ongoing international research collaborations in Central America, we have identified and collected 17 plant species used in Costa Rica to treat women's health disorders with a focus on menopause. Because these herbal medicines are used to treat menopausal symptoms, particularly hot flashes and night sweats, we hypothesized that these plants may mediate some of their actions via the activation of the ER.
The present investigation was designed to determine if extracts of specific plants collected in Costa Rica have estrogen-like activity and to evaluate their potential as alternative treatments for menopausal symptoms and other hormone-related women's health issues. Extracts were tested in four different in vitro assays. The first, a competitive ER-binding assay, measures the affinity of the extract for the ERs, ER-> and ER-A. 15 The second is a reporter gene assay, the ER-AYChemically Activated Luciferase Expression (CALUX), which detects the extract's ability to induce transcription of an estrogen-responsive firefly luciferase reporter gene. 16 The third assay uses the MCF-7 breast cancer cell line that expresses endogenous ER->. Increase in transcription of the endogenous estrogen-responsive genes, pS2, PR, and PTGES, indicates estrogenic activity through ER->. 6, 7 The fourth assay used MCF-7 breast cancer cells transiently transfected with a 2ERE-luciferase reporter construct. 6, 7 
METHODS

Chemicals
All chemicals and reagents were purchased from Fisher (Hanover Park, IL) or Sigma-Aldrich (St. Louis, MO) unless otherwise indicated. All media for cell culture and human recombinant ER and ER were purchased from Invitrogen (Grand Island, NY). Fetal bovine serum was purchased from Atlanta Biologicals (Norcross, GA). The Dual-Luciferase Reporter Assay System was purchased from Promega (Madison, WI).
International agreements
This study was performed under a collaborative agreement between the University of Illinois at Chicago and the University of Costa Rica. The Memorandum of Agreement was signed by authorities from both the University of Illinois at Chicago and the University of Costa Rica in September of 2003 and renewed in 2008.
Plant collection and extraction
An initial list of 12 plants was established by searching the databases NAPRALERT, PubMed, and SciFinder for plants that had reported ethnomedical use in Costa Rica for the treatment of menopause, as well as some correlated pharmacological activity. The search terms used included but were not limited to menopause, hot flashes, vasomotor symptoms, menopausal symptoms, estrogen, estrogenic, progesterone, progestagenic, anti-inflammatory, antioxidant, and climacteric. Five additional plant species were added to this list based on their indication for the treatment of menopause in various Costa Rican medicinal herb markets.
Plant materials (1 kg dry weight) were collected at various sites throughout Costa Rica and oven dried at 37-C. The dried plant material was ground and extracted in MeOH three times for 24 hours each, and resultant extracts were filtered and dried under reduced pressure. Herbarium specimens were identified by Jorge Gomez-Laurito at the University of Costa Rica and were deposited in the Herbarium of the University of Costa Rica, San Jose, Costa Rica.
Competitive ER ligand-binding assay
The relative binding affinity of the herbal extracts to full-length ER-> and ER-A was determined in a competitive radioligand-binding assay. The methanol extracts were dissolved in dimethyl sulfoxide (DMSO) and tested at 50 Kg/mL as described. 15 Briefly, recombinant human ER from insect Sf 9 cells (> or A) was incubated with the test sample plus 0.5 nM [ 3 H]estradiol at 4-C overnight. At the completion of incubation, 100 KL of a 50% hydroxylapatite slurry (in 40 nM Tris, pH 7.4, 1 mM EDTA, 1 mM ethyleneglycotetraacetic acid) was added and allowed to bind the ER-ligand complex for 40 minutes. The hydroxylapatite was washed three times with 0.5 mL 40 mM Tris, pH 7.4, 1 mM EDTA, 1 mM ethyleneglycotetraacetic acid, and 11 mM KCl. The hydroxylapatite pellets were suspended in 1 mL of ethanol and counted in 5 mL scintillation fluid, and the receptorbound [ 3 H]estradiol was measured. The median inhibitory concentration (IC 50 ) was determined by testing the binding affinity of the extracts to the ERs in concentrations of 20 to 100 Kg/mL. All experiments were performed in triplicate, and the results were from three independent experiments.
Cell culture and RNA extraction MCF-7 human breast cancer cells were routinely maintained in Eagles minimum essential medium (MEM; SigmaAldrich) supplemented with 5% calf serum (Hyclone, Logan, UT). 6, 7 Cell growth was quantified using previously described protocols. 6, 16 Four days before treatment, the cells were subcultured to phenol red-free MEM containing 5% charcoal dextran-treated calf serum. Media were changed on days 2 and 4 of culture. Cells were treated with 10 nM estradiol (E 2 ) alone or in combination with 20 Kg/mL the plant extract. 7 Total RNA was prepared using TRIzol reagent (Invitrogen, Carlsbad, CA), according to the manufacturer's instructions. RNA was further purified using RNeasy columns (Qiagen, Valencia, CA) and treatment with ribonuclease-free deoxyribonuclease 1 (Qiagen). The human osteoblastic osteosarcoma cell line U2-OS (American Type Culture Collection) was cultured and maintained in a 1:1 mixture of Dulbecco's modified Eagle's medium and Ham's F12 medium (DF; Gibco, Grand Island, NY) supplemented with 7.5% fetal calf serum. 16 
Transfection and reporter gene assays
For transient transfections, U2-OS cells were plated in 24-well tissue culture plates. 16, 17 After culturing for 1 day, cells were transfected with 1 mg reporter plasmid (33 ERE-TATALuc), 200 ng SV2-lacZ, and 200 ng expression plasmid (pSG5-neo-hER-A) using the calcium phosphate coprecipitation method. 17 Luciferase activity was corrected for transfection efficiency by measuring LacZ expression as a result of SV2-lacZ cotransfection. 17 For transient transfection and the luciferase assay, MCF-7 cells were cotransfected with the pERE-luciferase plasmid (2 g), which contains three copies of the Xenopus laevis vitellogenin A2 estrogen response element (ERE) upstream of firefly luciferase and the control plasmid, Renilla luciferase, to normalize transfection efficiency (Promega), using Lipofectamine 2000 (Invitrogen) diluted in serum-free, antibiotic-free OptiMEM (Invitrogen). 7 Six hours after transfection, media were changed to phenol red-free media containing charcoal-dextranYstripped serum, and the cells were treated with one of the following: vehicle solvent (ethanol); vehicle solvent plus ICI 182,780 (1 KM); E 2 (10 nM) dissolved in ethanol; E 2 plus ICI 182,780 (1 KM; plant extract (5-20 Kg/mL) plus vehicle solvent; or plant extract (20 Kg/mL) plus ICI 182,780 (1 KM) for 16 hours. Reporter activity was measured using dual-luciferase assay according to the manufacturer's directions (Promega). The vehicle solvent ethanol was tested for its ability to affect gene expression in the MCF-7 cells, with little effect, and was therefore used as the negative control. Luciferase data shown are the mean T SEM from at least three independent determinations and three experiments. Group means were compared by analysis of variance (ANOVA) with GraphPad Prism version 4.0 software (GraphPad Software, Inc., San Diego, CA). Multiple comparison tests were performed with a Tukey test for significant differences at P G 0.05. Coefficients of variation (CVs) were as follows: intra-assay CV, 9.53% at 10 nM E 2 , and interassay CV, 5.45% at 10 nM E 2 .
ER-A-CALUX assay
The ER-CALUX assay was performed as previously described. 16 Transfected human osteosarcoma cell line (U2-OS) ER-A-CALUX cells were plated in 96-well plates (6,000 cells/well) with phenol red-free DF medium supplemented with 5% dextran-coated charcoal-stripped fetal calf serum at a volume of 200 KL per well. Two days later, the medium was refreshed, and the cells were incubated with compounds to be tested (dissolved in DMSO) in triplicate. After 24 hours, the medium was removed, and the cells were lysed in 30 KL Triton-lysis buffer and measured for luciferase activity using a luminometer for 0.1 minute/well. Luciferase activity per well was measured as relative light units. The results of three individual experiments were obtained in duplicate, with less than 10% variation. Fold induction was calculated by dividing the mean value of light units from exposed and nonexposed (solvent control) wells. Luciferase induction, as a percentage of maximal 17A-estradiol (E 2 ) activity, was calculated by setting the highest fold induction of E 2 at 100%. E 2 equivalents were calculated by interpolating test sample data in an E 2 standard curve. 16 
pS2, PR, and PTGES expression assay
Effect on the expression of the estrogen-responsive genes pS2, PR, and PTGES in MCF-7 cells was assayed according to the previously published methods. 7 Four days before E 2 treatment, MCF-7 cells were subcultured onto phenol redY free MEM containing 5% charcoal-dextranYtreated calf serum, and the medium was changed on day 2 of culture. Cells were treated with 10 nM E 2 (Sigma-Aldrich) for 4 hours. Total RNA was prepared using TRIzol reagent according to the manufacturer's instructions. One microgram of total RNA was reverse transcribed in a total volume of 20 KL using 200-units of reverse transcriptase (RT), 50 pM random hexamer, and 1 mM deoxynucleoside 5c-triphosphate (New England Biolabs, Beverly, MA). The resulting cDNA was diluted to a total volume of 100 KL with sterile H 2 O. Each real-time polymerase chain reaction (PCR) consisted of 1 KL diluted RT product, 1Â SYBR Green PCR Master Mix (PE Applied Biosystems, Foster City, CA), and 50 nM forward and reverse primers: 5 ¶-CTTCCTTTTCCTGGGCTTCG-3 ¶ (PTGES forward) and 5 ¶-GAAGACCAGGAAGTGCATCCA-3 ¶ (PTGES reverse), 5 ¶-ATGGCCACCATGGAGAACAAGG-3 ¶ (pS2 forward) and 5 ¶-CATAAATTCACACTCCTCTTCTGG-3 ¶ (pS2 reverse), and 5 ¶-GAGCTCATCAAGGCAATT-3 ¶ (PR forward) and 5 ¶-CCATCCCTGCCAATATCT-3 ¶ (PR reverse). 7 Reactions were carried out on an ABI PRISM 7700 Sequence Detection System (PE Applied Biosystems) for 40 cycles (95-C for 15 seconds, 60-C for 1 minute) after an initial 10-minute incubation at 95-C. The fold change in expression of each gene was calculated using the comparative C t method, with the ribosomal protein 36B4 mRNA as an internal control. Data are shown as the mean T SEM of triplicates from three independent determinations.
Statistical analysis
All experiments were performed in triplicate, or as indicated. Values are expressed as means T SEM. Data were analyzed using one-way ANOVA, followed by Dunnett test for pair-wise comparison between the vehicle control and each of the other extracts. A general linear model with two main effects and their interaction was used to analyze the real-time RT-PCR data, followed by post hoc comparison (Student's Newman-Keuls test) between the control and each of the other extracts. Statistical significance was ascribed to the data when P G 0.05. Comparison of the values between runs was performed by ANOVA, and P G 0.05 was considered to be statistically significant. The statistical software package used was GraphPad Prism version 4 software (GraphPad Software, Inc).
RESULTS
Herbal extracts bind to the ERs, ER-> and ER-A
A total of 17 plants were collected and extracted in Costa Rica based on their ethnomedical use for the treatment of menopause ( Table 1 from both receptor subtypes and showed significant activity (P G 0.05; 50% or greater ligand displacement at 50 Kg/mL) in the binding assay. These extracts were followed up in reporter and endogenous gene transcription assays. Typical of phytoestrogens, all six active extracts bound to both ER subtypes with a slight preference to ER-A (not statistically significant). Data are shown in Table 1 as percent displacement of [ 3 H]estradiol from the receptor subtypes and IC 50 are given in micrograms per milliliter.
Herbal extracts induced transcription of the estrogen-responsive reporter gene in the ER-A-CALUX assay
The six plant extracts that were active in the ER-binding assay were tested in the ER-A-CALUX reporter gene assay, which tests the extracts' ability to induce transcription of an estrogen-responsive luciferase reporter gene through ER-A. Four of the six extracts, PD, AA, PM, and TP, induced the transcription of the luciferase gene via ER-A in stably transfected U2-OS cells. Data are shown in Table 2 , expressed in E 2 equivalents, the concentration in nanograms of E 2 with equivalent activity to 1 g of sample.
Herbal extracts induced transcription of pS2, PTGES, and PR through ER-> in MCF-7 cells
Real-time PCR analysis was used to detect changes in levels of transcription of the estrogen-responsive genes pS2, PR, and PTGES in MCF-7 cells in the presence of each of the six extracts (Fig. 1) . Of the six herbal extracts tested, only PD and TP significantly induced transcription of the endogenous estrogen-responsive genes pS2, PR, and PTGES in MCF-7 cells via ER->. Extracts of PD enhanced the expression of PR mRNA by 5.8-fold (P G 0.05), pS2 mRNA by 12.5-fold (P G 0.01), and PTGES mRNA by 4.0-fold (P G 0.05) above DMSO control (Fig. 1) . Extracts of TP enhanced PR mRNA expression by 6.1-fold (P G 0.05), PTGES by 5.0-fold (P G 0.05), and pS2 mRNA expression by 2.0-fold. The S1 and AA extracts also induced increased expression of pS2 and PR mRNA (P G 0.05). Treatment of MCF-7 cells with the extracts alone in concentrations up to 20 Kg/mL did not significantly increase or decrease proliferation (data not shown).
Herbal extracts modulate the effects of E 2 on pS2, PR, and PTGES expression in MCF-7 cells
The agonist or antagonistic effects of the herbal extracts in the presence of E 2 in the MCF cells were also investigated (Fig. 2) . In the pS2 assay, S1, PD, AA, PM, and HS in combination with E 2 significantly (*P G 0.01; **P G 0.05) FIG. 2 . MCF-7 cells were treated with extracts (20 Kg/mL) + E 2 (10 nM) to assess synergistic or antagonistic effects. Data are represented as fold increase in mRNA above control for pS2 (A), PR (B), and PTGES (C). Data represent the mean T SD of three separate experiments performed in triplicate. *P G 0.05 and **P G 0.01 versus E 2 . S1, Smilax domingensis; PD, Pimenta dioica; TP, Tanacetum parthenium; AA, Artemisia absinthium; PM, Plantago major; HS, Hibiscus sabdariffa; E 2 , 17A-estradiol. enhanced pS2 expression by 10-to 15-fold above E 2 controls, suggesting additive or possibly synergistic effects. The TP extract exhibited no additive or synergistic activity with E 2 (Fig. 2) . Both the HS and PM extracts significantly increased PR mRNA expression in combination with E 2 (P G 0.05), and only the PM extract significantly increased PTGES mRNA expression in combination with E 2 in MCF-7 cells.
Conversely, cotreatment of the MCF-7 cells with the PD or S1 extracts plus E 2 resulted in significant (P G 0.05) decreases in both PTGES and PR mRNA expression, thereby demonstrating estrogen antagonistic effects (Fig. 2) . Interestingly, although PD and S1 extracts showed an enhancement of pS2 expression, they did not stimulate proliferation of MCF-7 cells in vitro at concentrations up to 20 Kg/mL. Thus, of the 17 herbal extracts used to treat menopause in Costa Rica, 6 bind to the ERs, with extracts of AA, TP, PM, and HS acting as estrogen agonists and extracts of PD and S1 exhibiting partial estrogen agonist/antagonist effects.
ER antagonist, ICI 182,780, inhibits the effects of herbal extracts in transient transfected MCF-7 cells
Because of the interesting agonist/antagonist activities of the PD and S1, we investigated the impact of the estrogen antagonist ICI 182,780 on the agonist activities of these two extracts. Transient transfection assays were performed to determine if ICI 182,780 would inhibit the effects of both PD and S1 extracts in an ERE-regulated reporter gene assay. MCF-7 cells were transfected with a 2ERE-luciferase reporter construct and the control plasmid, Renilla luciferase. Both extracts and the E 2 control increased ERE-transcriptional activation, as measured by the fold increase in luciferase activity in MCF-7 cells (Figs. 3 and 4) . E 2 significantly increased luciferase activity by approximately 12.5-fold (P G 0.001), PD by È14.8-fold (P G 0.05), and S1 by È13-fold (P G 0.05). Both the extracts and E 2 induction of ERE-dependent luciferase activity were inhibited by the cotreatment of the cells with ICI 182,780 (Figs. 3 and 4) , indicating that the activities of these two plants may be mediated via the activation of the ER. The estimated median effective concentration of PD and S1 in activation of ERE-dependent luciferase activity was 10 Kg/mL, and the concentration of extract required for maximal stimulation of luciferase activity was 20 Kg/mL.
DISCUSSION
It is estimated that by the year 2030, there will be more than 60 million postmenopausal women in the United States and 1.2 billion postmenopausal women worldwide. 9, 13 Understanding the onset of this transition, as well as the development of new therapeutic alternatives for the treatment of menopause, has become increasingly important because of concerns regarding the safety of HT, particularly in light of 21st century age demographics. 9, 10 In the United States, herbal extracts are commonly used by Hispanic women to manage their menopausal symptoms, and their use of HT is low, although readily available. 13, 19 These data mirror the situation in Costa Rica, where there is lower use of HT, and women use specific herbs to manage symptoms during the menopausal transition. 13, 20, 21 Thus, investigations of commonly used therapies from other cultures may lead to the development of alternative therapies for menopause.
Based on our ethnomedical investigation of herbal medicines commonly used for the management of menopausal symptoms by Costa Rican women, we collected and extracted 17 plant species. In view of the fact that HT is the most effective treatment for menopausal symptoms and that many plants contain phytoestrogens, the most logical first step was to assess the potential estrogenic activities of the extracts. Using a combination of a competitive ER-binding assays and cell-based reporter and endogenous gene transcription assays, we identified six extracts that not only bound to the ERs but also induced transcription of estrogenresponsive genes. Extracts of S1, PD, AA, PM, TP, and HS bound to both ER-> and ER-A subtypes with a slight preference to ER-A. The difference in tissue distribution of the two ERs has been extensively investigated, and it has been suggested that the proliferative effects of HT in ERresponsive MCF-7 cells may be mediated through ER->, rather than ER-A. 22 Because many plant extracts bind to both ERs, it is possible that any potential proliferative effects of the extracts mediated through ER-> may be negated by the effects of the plant extracts on ER-A. For this reason, plant extracts that may bind to ER-A are especially interesting alternatives to HT. However, because the herbal extracts tested in this study both bind to ERs, the issue of whether such extracts are safe for use, especially in women with   FIG. 4 . The ER antagonist ICI 182,780 specifically blocks the induction of luciferase activity by S1 through ER-> in MCF-7 cells transiently transfected with a pERE-luciferase plasmid. Cells were treated with 20 Kg/mL of the S1 extract or 1 nM 17A-estradiol (E 2 ) with or without ICI 182,780 (10 nM) for 16 hours before they were lysed and reacted with substrate luciferin. Relative luciferase units were measured by luminometer. The S1 extract and E 2 treatment significantly increased estrogen-dependent activation of luciferase gene transcription in MCF-7 cells. ICI 182,780 specifically blocked the actions of the S1 extract and E 2 in MCF-7 cells. Data represent the mean T SD of three separate experiments performed in triplicate. *P G 0.001 versus control solvent (none) or **P G 0.05 versus E 2 . ER, estrogen receptor; S1, Smilax domingensis; ICI, ICI 182,780. familial or history of breast cancer, is an important question to answer before any human studies are initiated.
From the 17 plant extracts commonly used by Costa Rican women to treat menopausal symptoms, 6 plant extracts were active in the ER-> and ER-A competitive binding assays. These six plant extracts also activated ER, as they were able to induce or inhibit the transcription of estrogen-responsive reporter or endogenous genes in MCF-7 and U2-OS cells. In addition, the ER antagonist ICI 182,780 inhibited reporter gene induction by two of the extracts, indicating that they exert their effect via the ER. Interestingly, the activity of the extracts in the U2-OS cell-based assay (ER-A-CALUX) did not correspond well to the extracts' binding affinity for the ER-A, in that herbal extracts that induced gene transcription in the ER-A-CALUX assay actually had higher IC 50 in the ER-A-binding assay. These results point out the necessity for ER ligand-binding studies to be combined with other functional assays because of the possibility that the compounds contained in herbal extracts may bind to the ER subtypes but only block the receptor site and not induce the conformational change in the receptor necessary to induce gene transcription. The ER competitive binding assay is, however, a relatively high-throughput, inexpensive screen useful for prioritizing extracts for study in more specific assays, as well as for bioassay-guided fractionation of the active chemical constituents.
Up-regulation of the expression of endogenous genes pS2, PR, and PTGES in MCF-7 cells is indicative of estrogenic effects via ER->. 5, 7, 22 It is well known that pS2 expression is regulated in MCF-7 cells by estrogens and that pS2 is predominantly, but not exclusively, expressed in ER-dependent cancers. 23 Interestingly, results of clinical investigations of pS2 indicate that there is a clear association between the pS2 presence in primary tumors and a more positive response to chemotherapy. 24 In addition to pS2, mRNA expression of the PR and PTGES genes in MCF-7 cells is also regulated in a characteristic manner by estrogenic compounds. 5, 7, 22 How commonly used herbal extracts may impact the expression of these genes and the potential implications for women taking these herbal remedies have not been well investigated.
In this work, RT-PCR was performed to determine the change of pS2, PR, and PTGES mRNA production in MCF-7 cells treated with the herbal extracts. Four of the extracts induced mRNA transcription of all three genes, suggesting that in MCF-7 cells, these extracts may act as estrogen agonists. PM was the only herbal extract that enhanced the expression of all pS2, PR, and PTGES mRNAs in the presence of E 2 , also indicating an estrogen agonist effect. Conversely, in the presence of E 2 , both PD and S1 extracts suppressed the expression of the PR and PTGES mRNAs, indicating potential estrogen antagonist effects. This novel finding is interesting because PTGES encodes for prostaglandin E 2 synthase 1, a microsomal enzyme that is up-regulated in premalignant and malignant breast disease. 7, 25 PTGES mRNA levels in breast tumors are correlated with ER expression, and PTGES may be up-regulated by proinflammatory cytokines and E 2 . 7 Thus, treatments that may down-regulate PTGES expression, especially in the presence of E 2 , may reduce prostaglandin E 2 synthase 1 levels and have implications for breast cancer chemoprevention. Although differences in gene expression induced by the extracts in U2-OS and MCF-7 cells may be attributed to the fact that the U2-OS cells express only ER-A, and the MCF-7 cells express primarily ER->, the differences in the relative activity of the extracts for different endogenous estrogenresponsive genes in MCF-7 cells are intriguing. Up-regulation of specific estrogen-responsive genes and down-regulation of others within MCF-7 cells may be due to the variety of chemical constituents present within the extracts and the ability of these constituents to modulate gene expression through alternative mechanisms. Another possible explanation is that slight differences in the sequences of EREs in the promoter regions of these genes might affect the response to the ER depending on the ligand that is bound. It has been shown that many natural EREs deviate substantially from the consensus sequences. 26 In the United States, herbal medicines are sold as botanical dietary supplements, and only very limited data on safety and efficacy are required for the sale of these products. 27 The regulatory situation is similar in Costa Rica. As more postmenopausal women turn away from HT to use herbal products for the treatment of menopausal symptoms, the lack of safety and efficacy data for these herbal medicines becomes problematic due to the unknown impact of these products on women's health in general and their potential to influence estrogen-responsive cancers. This problem is not limited to Costa Rica because many of the herbal medicines used to treat menopause in Costa Rica are used by women in the United States for conditions other than menopause. For example, TP (feverfew) is also widely used in the United States for the treatment of fever, women's ailments, inflammatory conditions, psoriasis, toothache, insect bites, rheumatism, asthma and stomachache. 28 In addition, during the past 20 years, feverfew has also been used for migraine prophylaxis, particularly for migraine headaches associated with the menstrual cycle. 28 Other herbal remedies included in this study, such as Smilax, Artemisia, Plantago, and Hibiscus species, are also widely used in the United States.
CONCLUSIONS
Our investigation of specific herbal extracts from Costa Rica, used ethnomedically to manage menopausal symptoms, indicates that at least six extracts act as estrogen agonists or partial agonist/antagonists in vitro. The in vitro estrogenic data suggest a plausible mechanism of action for these herbal remedies in the management of menopausal symptoms. However, it also presents some serious concerns in regard to the safety of these products in view of their possible estrogenicity and its potential impact on estrogen-dependent cancers. Considering the large number of women in the United States who are opting to use alternative therapies for the management of their menopausal symptoms and that specific ethnic groups and women in developing countries use herbal medicines in general, an understanding of how these products impact women's health, particularly estrogenresponsive cancers, is extremely important. Thus, continued investigation of botanical extracts currently used by women to manage menopausal symptoms is critical for two specific reasons. First and foremost, determination of the safety of widely used botanical products for women's health is an important public health issue. Investigations of the effect of herbal extracts and their active compounds on estrogenresponsive cancers in appropriate in vitro tumor and animal models are essential. Second, research of herbal medicines used by women in other countries and cultures may ultimately lead to the development of much-needed alternative treatments for the management of menopausal symptoms. Currently, we are in the process of isolating the active chemical constituents from these herbal extracts and testing them in animal models to more fully understand their multiple effects on estrogen-dependent genes.
